utilized by some strains as electron donors. To date, Desulfiromonas acetoxidans and Desulfuromonas acetexigens are the only validly described species of this genus (10, 21) . More species of this genus have been isolated, but these bacteria have only been mentioned with provisional names in review papers (for example, "Desulfuromonas thiophila" and "Desulfuromonas succinoxidans") (22, 30, 31) .
In this paper we describe the results of a comparative 16s ribosomal DNA (rDNA) sequence analysis performed to elucidate the phylogenetic affiliation of the five new isolates, as well as the results of DNA-DNA relatedness studies. In addition, the 16s rDNA sequences of "Desulfuromonas succinoxidans" Go1 1 and Pelobacter carbinolicus GraBdlT (24) were determined for reference purposes. On the basis of phylogenetic data and phenotypic characteristics the new genus Desulfuromusa is described below. The results of our DNA-DNA relatedness studies indicated that the five new isolates and strain GO1 1 are members of three genomic species belonging to the genus Desulfuromusa, for which we propose the names Desulfuromusa kysingii, Desulfuromusa bakii, and Desulfuromusa succinoxidans.
MATERIALS AND METHODS
Bacterial strains. Strains K y~w 2~ (= DSM 7343T) (Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany), Kyval (= DSM 7344), GypropT (= DSM 7345T), Kyprop, and GylacT (= DSM 8270T) were isolated and cultivated as described by Finster and Bak (9) . Strain GO11 was obtained from N. Pfennig, University of Konstanz; this strain was originally isolated by Bache and Pfennig from sediment obtained from the Jadebusen (North Sea, near Wilhelmshaven, Germany) (11, 31; unpublished data) and cultivated as described above. Pelobacter carbinolicus GraBdlT (= DSM 2380T) was obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH; the lyophilized cell material which was delivered was used directly for isolation of genomic DNA (32) . DNA isolation, PCR amplification, and sequencing analysis. Cells were lyseal by incubating them in 2.5% (wthol) sodium dodecyl sulfate for 20 min at 60°C. DNA was extracted from each crude lysate with a Prep-A-Gene kit as described in the instructions supplied by the manufacturer (BioRad, Munich, Germany). The PCR was performed by using 16s rDNA primers (17) which amplify the 16s rRNA genes from position 28 to position 1491 (International Union of Biochemistry [IUB] nomenclature for Escherichia coli) of a broad range of microorganisms belonging to the domain Bacteria. The thermal profile used for amplification included 29 cycles of primer annealing at 48°C for 1 min, primer extension at 72°C for 2 min, and denaturation at 94°C for 0.5 min. The aqueous phases obtained from three PCR were combined, and the volume was brought to 2.5 ml with sterilized distilled water. The PCR products were purified for subsequent sequence analysis with Centricon 100 columns as described by the manufacturer (Amicon, Witten, Germany). Sequencing reactions were performed nonradioactively by using a Taq Dye Cycle sequencing kit in accordance with the instructions of the manufacturer (Applied Biosystems, Weiterstadt, Germany), and the reaction products were separated by electrophoresis with an automatic sequence analyser (model 370; Applied Biosystems). Primers for the target regions from positions 343 to 357,519 to 536,907 to 926,1100 to 1115, and 1385 to 1401 (IUB nomenclature for E. coli) were used for sequencing (17) . Sequences were obtained for both strands of each 16s rDNA.
Phylogenetic analysis. The 16s rDNA sequences of strains KySWZT, Kyval, GypropT, Kyprop, GylacT, and GO11 and of Pelobacter carbinolicus GraBdlT were aligned manually with reference sequences of various members of the Proteobacteria (6, 20) . Levels of sequence similarity were calculated by comparing only those positions at which bases could be unambiguously aligned (960 nucleotides). Evolutionary distances between pairs of organisms were determined by using the Jukes-Cantor equation (16) and the DNADIST program of the PHYLIP version 3.5 package (Table 1) (8) . A tree which estimated the phylogenetic relationships was derived by using the FITCH program of the same package, random-order input of sequences, and the global rearrangement option.
DNA-DNA hybridizations. DNA-DNA hybridization experiments were carried out by workers at the Identification Service of the Deutsche Sammlung von Mikroorganismen and Zellkulturen GmbH. Genomic DNAs were isolated by chromatography on hydroxyapatite, using the procedure of Cashion et al. (4) . The DNA-DNA hybridization experiments were performed by the spectroscopic method of De Ley et al. (9, with the modifications described by Hurj et al. (14) , using a Gilford System 2600 spectrophotometer equipped with a Gilford model 2527-R thermoprogrammer and a plotter. The DNA concentration was 50 pg/ml. The optimal temperature of renaturation (70°C) was calculated from the average G+C content of the samples by the formula of Gillis et al. (12) . The DNA reassociation rate was calculated by regression analysis between 10 and 30 min after start of the reaction, using the computer program TRANSFER.BAS (15 Nucleotide sequence accession numbers. The 16s rDNA sequences of strains GypropT and Kyprop were identical, as were the 16s rDNA sequences of strains K y~w 2~ and Kyval and the 16s rDNA sequences of strains GylacT and GOll; the 16s rDNA sequences of these organisms and of Pelobacter carbinolicus GraBdlT have been deposited in the EMBL data bank under accession numbers X79412 to X79415.
The EMBL and GenBank database accession numbers for the sequences used as reference sequences for phylogenetic tree construction (Table 1 and Fig. 1 
RESULTS AND DISCUSSION
Our comparative sequence analysis of the almost complete 16s rRNA genes of strains K y~w 2~, Kyval, GypropT, Kyprop, and GylacT revealed that these isolates, together with the previously not validly described organism strain GO1 1, represent a coherent cluster of descent. Within this cluster the strains can be separated into three closely related but distinct rRNA groups, the Ky~w2~-Kyval group, the GypropT-Kyprop group, and the GylacT-GO11 group; the members of each group have identical 16s rDNA sequences. The overall levels of intergroup similarity for the almost completely analyzed 16s rDNA sequences range from 98 to 99% for the three groups. Our phylogenetic treeing analysis confirmed the previous classification of strain GO1 1 based on oligonucleotide cataloging data (11); we found that this organism belongs to a separate branch of the delta subgroup of the Proteobacteria which is characterized by species belonging to the genera Desulfuromonas and Pelobacter (Table 1 and Fig. 1) . The members of these two genera exhibit fundamental differences in their biochemical and physiological properties. Desulfuromonas spp, are sulfur-respiring microorganisms that are capable of complete oxidation of substrates, whereas Pelobacter spp. ferment a rather limited number of substrates (24) (25) (26) . Our phylogenetic tree showed that members of these two genera not only have a common ancestor but also are phylogenetically intenvined, as described previously (7, 28) . On the one hand, the five new isolates and strain GO11 are more closely related to Pelobacter acidigallici than to the type species of the genus Desulfiromonas, Desulfiromonas acetoxidam. On the other hand, the next most closely related phylogenetic neighbors of Desulfiromonas acetoxidans are the species Pelobacter acetylenicus and Pelobacter carbinolicus (Fig. 1) . The five new isolates, strain GOll, and Desulfuromonas acetoxidans completely oxidize acetate to CO, with concomitant stoichiometric reduction of elemental sulfur to hydrogen sulfide. However, there are several differences among these organisms in the range of substrates utilized as electron donors (Table 2 ). In contrast to Desulfuromonas acetoxidans, neither the five new isolates nor strain GO11 can utilize alcohols, while Desulfiromonas acetoxidans lacks the ability to oxidize dicarboxylic acids and amino acids. The five new isolates grow with fumarate or malate as the sole substrate, whereas Desulfuromonas acetoxidans can use these compounds only as electron acceptors. The G + C contents of the five new strains and strain GOll are 46 to 47 mol%, whereas Desulfuromonas acetoxidans strains have G+C contents of 50 to 52 mol%. Valid description of the five new isolates and strain GOll as members of the genus Desulfuromonas would require that the description of the genus Desulfuromonas be amended (21) . Such a description would mean that the genus characteristics would have to be reduced to the main properties of the sulfur-reducing bacteria of the delta subclass of the Proteobacteria. The recently described organism Desulfuromonas acetexigens is phylogenetically interwined with Desulfuromonas acetoxidans and strain GO1 1, as determined by oligonucleotide cataloging (1 1). Desulfuromonas acetexigens has a genomic DNA G+C content of 58.6 to 62.5 mol% (lo), meaning that the genus Desulfuromonas includes sulfur-reducing bacteria that have DNA base compositions ranging from 51 to 62.5 mol%. Description of the five new isolates and strain GO11 as members of the genus Desulfuromonas would mean that the range of the DNA base compositions of members of this genus would be 46 to 62.5 mol%. This would be contrary to the now generally accepted opinion that species differing in their G+C contents by more than 10 mol% shoiild not be placed in the same genus (13). In conclusion, the phenotypic characteristics of the five new isolates and strain GO11 and the results of our phylogenetic analysis suggest that the sulfur-reducing bacteria under discussion should be placed into two different genera. The levels of DNA-DNA relatedness of the five new isolates and strain GO11 confirmed the comparative rDNA analysis results. The two strains of each of the three groups that have identical 16s rDMA sequences (strains K y~w 2~ and Kyval, strains GypropT and Kyprop, and strains GylacT and GO11) exhibited levels of DNA relatedness above the 70% threshold (29). However, the levels of DNA relatedness between the three rRNA groups were less than 30% (Table 3 ). Our results indicate that the five new isolates and strain GO11 are members of three closely related but distinct genomic species. Phenotypically, the three species can be differentiated by differences in the following properties: use of nitrate, dimethyl sulfoxide, and Fe(II1)-citrate as electron acceptors, use of citrate as an electron donor, and growth with aspartate or maleate as the sole substrate ( Table 2) .
Description of Desulfuromusa gen. nov. Desulfuromusa (De.sul.fu.ro.mu'sa. L. pref. de, from; L. n. sulfur, sulfur; M.L.n. mum, banana; M.L.f. n. Desulfuromusa, a bananashaped bacterium that reduces sulfur). Cells are motile and slightly curved or rod shaped; they stain gram negative and are obligately anaerobic. They do not form spores. Elemental sulfur is used as an electron acceptor and is reduced to hydrogen sulfide. No growth occurs when either sulfate, sulfite, The type strain of Desul'romusa succinoxidans is strain Gylac (= DSM 8270) ; the G + C content of its DNA is 46 mol%.
Desulfuromusa succinoxidans GylacT was isolated from an anoxic mud sample collected at a depth of about 2,000 m from the Guayamas Basin (Gulf of California).
